Cyclic AMP levels increase abruptly in the secondary palatal shelf (mesenchyme plus a two-to three-cell-layered epithelium) between day 15 and 16 of gestation in the rat embryo. The addition of dibutyryl cyclic AMP to the media in which immature palatal shelves (day 14) are cultured causes a precocious decrease in DNA synthesis, but increased glycoprotein synthesis and epithelial adhesiveness. These changes are most evident in the medial-edge epithelial cells and resemble the developmental events that occur normally on day 15 and 16 during formation of the secondary palate. The initiation of epithelial cell death and adhesiveness in the medial edge of the palatal shelf may be mediated through an increase in cyclic AMP.
By the fifteenth day of development, the palatal shelves of the rat have grown from the maxillary processes and lie in a vertical position alongside the tongue. The palatal shelves, composed primarily of mesenchyme, but surrounded by an epithelium, undergo a marked alteration in location and shape as they rotate to a horizontal position above the tongue. During this same period, the presumptive adhering surfaces (medialedge epithelium) acquire a glycoprotein coat (1, 2) , cease DNA synthesis (3, 4) , and begin autolysis in a manner similar to the programmed cell death observed in the formation of other structures, such as the digits and wing buds (5) (6) (7) . Finally, the opposing medial-edge epithelial surfaces adhere, fuse, and form a continuous mesenchymal layer as intervening basement membrane and epithelial elements disappear.
At least some of the events referred to above can occur when competent shelves are cultured in vitro on various substrates (8, 9) . Although rotation does not occur when isolated shelves are cultured, surface glycoproteins appear (1, 2) , medial epithelial cells cease division and begin autolysis (9) ; those portions of the shelves in apposition adhere and fuse in a manner remarkably similar to the in vivo events. The rapidity and completeness with which isolated palates undergo these steps depend on the maturity of the donor embryo (8 We and others have noted that shelves cultured with their medial surfaces in apposition will adhere, presumably as an early step in fusion. However, when immature palates (day 14) are cultured, no adhesion is noticed over a 48 hr period and the epithelial surfaces of the shelves pull apart due to dehydration shrinkage during routine processing for histology (8) . In contrast to this, in preliminary experiments approximately half of the day 14 palates cultured with Bt2cAMP were found to adhere after 48 hr in culture.
Recent studies have indicated that the ability to adhere is associated with the production of glycoproteins on the surface of epithelial cells destined for extinction in the areas that are to undergo fusion (1, 2) . For (Fig. 2B) . Cells on all surfaces as well as mesenchyme were labeled when immature palates (day 14) were incubated under the same conditions ( Fig. 2A) . These studies confirm those of earlier workers in-that the cells in the medial epithelial surface cease DNA synthesis between days 15 and 16 (3, 4) .
The effect of Bt2cAMP onr DNA synthesis was studied in order to determine the response of embryonic palatal cells to elevated levels of cAMP. When shelves were incubated with Bt2cAMP, DNA synthesis was depressed approximately 30%, and addition of theophylline did not alter this inhibition. These studies suggest that only a portion of DNA synthesis in the shelves is sensitive to added Bt2cAMP. Autoradiographic studies suggested that the major effect of Bt2cAMP on DNA synthesis was on the cells in the medial edge (Fig. 3B) Palatal shelves were excised at the indicated times and incubated submerged with or without 0.6 mM Bt2cAMP and 1 mM theophylline for 1 hr at 370 (see text). Radioactive precursors were then added and the shelves were incubated for a further 3 hr, rinsed in phosphate-buffered saline, and processed as described in the text. Values are given as the mean of three determinations i SEM. similar to the pattern obtained when day 15 (+12 hr) shelves were incubated alone (Fig. 2B) . DISCUSSION Formation of the secondary palate during development requires the precise execution of a series of morphological changes that bring the medial-edge epithelia of the palatal shelves into contact. During this same period, certain biochemical changes in the epithelium are required in order for the contacting shelves to adhere and midline epithelium to autolyze. These biochemical changes include a cessation in DNA synthesis with a concomitant increase in glycoprotein synthesis and epithelial adhesiveness. Cessation of DNA synthesis prior to epithelial contact is restricted to the presumptive adhesion surface (medial edge) and not the adjacent oral and nasal epithelium. Since these medial-edge epithelial cells eventually die (day 17), the cessation of DNA synthesis on day 15 is the first indication of epithelial cell death. This cell death cannot be explained on the basis of nutritional deficiencies, since the underlying mesenchymal cells are well nourished and actively dividing.
On day 15 of gestation, the medial-edge epithelial cells rapidly cease their mitotic activity. In the present study, the levels of cAMP determined in the whole palatal shelf begin to increase on day 15 but remain constant in the embryonic forepaw during this time. It was not possible to determine the distribution of cAMP between the mesenchyme and epithelium using the techniques employed in this study. Perhaps an increase in the level of cAMP occurs even earlier in the epithelial cells, but was not detected in analyses of the whole palatal shelf. Recently (19) , it has been shown that cAMP levels increase dramatically in vitro 5-6 hr 
